In the present study, the effects of dexmedetomidine on secondary lung and kidney injuries were studied in the rat model of intra-abdominal sepsis by immunohistological and biochemical examinations. We measured serum creatinine, kidney tissue malondialdehide and plasma neutrophil gelatinase-associated lipocalin levels. In order to evaluate tissue injury we determined kidney tissue mononuclear cell infiltration score, alveolar macrophage count, histological kidney and lung injury scores and kidney and lung tissue immunoreactivity scores. We demonstrated that dexmedetomidine attenuates sepsis-induced lung and kidney injuries and apoptosis in the rat model of sepsis. There is still need for comparative studies in order to determine the effects of dexmedetomidine on organ functions in early human sepsis.
Introduction
Sepsis is a clinical syndrome characterized by a systemic inflammatory response triggered by an infection. The induction of a natural immune response leads to catastrophic effects in sepsis syndrome. This proinflammatory condition is called systemic inflammatory response syndrome (SIRS) [1] . Sepsis is characterized by activation of inflammatory, coagulation, and fibrinolytic cascades [2] .
Sepsis shows a biphasic immunological pattern: the early hyperinflammatory phase is counterbalanced by an antiinflammatory response which may lead to a hypoinflammatory state. The latter is associated with immunodeficiency that is characterised by monocytic deactivation [3] .
Macrofages are the alternative source of injury. They can produce toxic oxygen metabolites, proteases, arachidonic acid metabolites, platelet-activating factor (PAF), and inflammation-regulating cytokines [4] .
Apoptosis is a type of programmed cell death in which deoxyribonucleic acid (DNA) disintegration and cell death occur as a result of activation of death-inducing receptors or intracellular specific serine proteases (caspases) [1, [5] [6] [7] . Apoptosis might be the key manager in pro-and antiinflammatory processes [1, 8, 9] .
The role of apoptosis in the development of multiple organ dysfunction syndrome (MODS) and compensatory anti-inflammatory response syndrome (CARS) is not well established [1, 8, 9] . While apoptosis might be an important cause of immunologic suppression in sepsis, it can also have a benefit on survival by reducing the inflammatory response accompanying sepsis [8] . The mechanism by which the reduction of apoptosis leads to improved survival is not yet fully understood.
Dexmedetomidine is a potent lipophilic alpha-2 adrenoceptor agonist with an imidazole structure [10] . Dexmedeto-2 The Scientific World Journal midine exhibited anti-inflammatory and antiapoptotic properties in previous studies [11] [12] [13] . In this study, we aimed to examine the effect of dexmedetomidine on secondary renal and pulmonary injuries in the early sepsis by immunohistological and biochemical examinations.
Materials and Methods
This study was performed after the approval of Dokuz Eylül University, School of Medicine (DEUMF), Experimental Animal Studies Ethic Board, by using the utilities of Multidisciplinary Experimental Animal Laboratory.
In this study, 21 Wistar albino adult male rats of 250-300 g were used. Subjects, obtained from DEUMF Experimental Animal Laboratory, were fed with standard chow food and water and housed in wire cages at room temperature under a 12 h day-night cycle. Within the preceding 12 hours of surgery only water was given. During the experiment, the body temperature of the animals was kept stable.
Experimental Groups.
Three groups of animals were used in this study: the sham-operated group (sham, = 7) which underwent a laparotomy; the sepsis group (sepsis, = 7) which underwent cecal ligation and perforation (CLP); the dexmedetomidine-treated group (sepsis + dex, = 7) which underwent CLP and received dexmedetomidine 50 g/kg (precedex 100 g/mL, Abbot,İstanbul, Turkey) in 3 mL/100 g body weight normal saline intraperitoneally immediately after surgical procedure.
Anesthetic Procedure.
Anesthesia was achieved by giving 50 mg/kg ketamine (Ketalar, Pfizer Pharma GMBH, and Germany) and 10 mg/kg xylazine hydrochloride (Alfazyne, %2, Alfasan International, 3440 AB, Woerden, The Netherlands) to subjects, intraperitoneally [14] . During the study, the same dose of anesthesia was reapplied as required and recorded, in order to maintain the immobility of subjects.
The Constitution of Experimental Sepsis Model by Cecal
Ligation and Perforation. After an overnight fast, the rats were anesthetized. During the study, all animals were allowed to breathe spontaneously. After skin shaving and preparation of the abdominal wall with 10% povidone-iodine solution, a 2 cm midline laparotomy was performed. The cecum was then exposed, ligated just distally to the ileocecal valve to avoid intestinal obstruction, punctured tree times with an 18-gauge needle at the antimesenteric surface, gently squeezed to extrude a small amount of feces from the perforation sites, and returned to the abdominal cavity [15] . The abdominal cavity was then closed in two layers, animals in sepsis and sham groups received normal saline intraperitoneally (3 mL/100 g body weight) immediately after surgical procedure to prevent dehydration, and only animals in sepsis + dex group received dexmedetomidine 50 g/kg (precedex 100 g/mL, Abbot) in 3 mL/100 g body weight normal saline intraperitoneally. Sham-operated animals underwent the same surgical procedure except that the cecum was neither ligated nor punctured.
Experimental Protocol.
At the end of 6 h after sepsis induction, abdominal cavity was opened, kidneys were removed, and than a midline sternotomy was performed the rats were exsanguinated by needle aspiration of the right ventricle, and the lungs and trachea were removed en bloc under anesthesia. Plasma samples, lungs, and kidneys were immediately frozen in liquid nitrogen and then stored at −80 ∘ C for later determinations of serum creatinine, plasma neutrophil gelatinase-associated lipocalin (NGAL), kidney tissue malondialdehide (MDA) levels, and for later tissue histopathologic and immunohistochemical examinations (light microscopic evaluations of the kidney and lung tissue injuries and apoptosis). A grading system was used to score for the alveolar and parenchymal general morphological changes (alveolar structure, inflammation, thickening of the alveolar septum, alveolar macrophage, neutrophile, increased capillary permeability, hemorrhage, edema, and congestion). The grading system was scored according to these findings, whether there is absence (score 0) or presence (score 1 for mild, score 2 for moderate, score 3 for marked, and score 4 for diffuse) in the alveolar tissue [17] . In addition, the amount of alveolar macrophages in the alveolar septum and lumen were visualized digitally and counted in a given area (macrophage count/0.016 mm 2 ). Structural changes in the kidney tissue sections were evaluated and scored for proximal tubule damages (tubular atrophy, tubular brush border loss, vacuolization, tubular dilatation, and cast formation), mononuclear cell infiltration, erythrocyte extravasation, interstitial structural changes, renal corpuscle morphology, and necrotic and apoptotic cells by light microscopy. Tubulointerstitial damage in obtained cross-sectional images was scored semiquantitatively. The scoring system was made noticing to these findings: 0 = none, 1 = 1-25%, 2 = 26-50%, 3 = 51-75%, and 4 = 76-100% applied [18] .
Serum Creatinine

Immunohistochemical Assessment of M30 and Active
Caspase-3 Expression. To detect DNA fragmentation in epithelial cells in lung tissue M30 (Cytokeratin-18) and to evaluate apoptosis in kidney tissue active caspase-3 immunohistochemistry was applied to the paraffin sections. After deparaffinization and rehydration, sections were treated with 10 mM citrate buffer (Cat number AP-9003-125 Labvision) for five minutes. Then sections were incubated in a solution of 3% H 2 O 2 for 5 min to inhibit endogenous peroxidase activity. They were then incubated with blocking solution. After sections were incubated in a humid chamber, overnight at +4
∘ C with rat-specific anti-M30 antibody 1 : 100 (SC-32329, Santa Cruz Biotechnology, USA) and anticaspase-3 antibody active form 1 : 100 (AB3623, Millipore, Temecula, CA). Sections were then incubated with biotinylated IgG and then with streptavidin for 30 min each prepared according to kit instructions (İnvitrogen-Plus Broad Spectrum 85-9043). Sections were finally stained with DAB and counterstained with mayer's hematoxylin and analyzed using a light microscope (Olympus BX51, Olympus Optical Co. Ltd, Tokyo, Japan).
Semiquantification of Immunostaining Data.
A grading system was used to score the quantity of anti-M30 and anticaspase-3 positive staining in the sections [19] . The score was defined as follows: 1 = remarkably little positive staining, 2 = moderate positive staining and between grade 1 and grade 3, 3 = strong positive staining, that was evenly distributed across the whole image, and 0 = no immunoreactivity. Each section was graded by two histologists blind to the treatments, and the average was taken. 
Results
The ((median; max-min), mean ± standard deviation) of serum creatinine levels was ((0. the sham and sepsis + dex groups ( < 0.05). Lung tissue immunreactivity (M30) score and alveolar macrophage count in the sepsis + dex group were significantly increased compared with the sham group ( < 0.05). The change in the kidney tissue mononuclear cell infiltration score, the histologic kidney and lung injury scores, and the kidney tissue immunreactivity (caspase 3) score in the sepsis + dex group were insignificant compared with the sham group ( = 0.71, = 0.38, = 0.21, and = 0.38, resp.).
In H&E staining of the kidney tissue sections, the sham group showed normal kidney histology. In the sepsis group, mononuclear cell infiltration around the glomerulus and capillaries, vasodilatation in veins, rare tubular degeneration, and cast formation in tubules were observed. (Figure 10(a) ). In PAS staining, loss of brush border and irregularity in basal membrane were noticed in proximal tubular cells. Thickening of the parietal Bowman's capsule was also found. (Figure 10(b) ). In sepsis + dex group, all these histomorphologic findings decreased when compared with sepsis group (Figures 10(a) and 10(b) ). In active caspase-3 immunohistochemistry, caspase-3 immune positive cells were increased in sepsis group than in sham and sepsis + dex groups (Figure 10(c) ). In H&E staining of the lung tissue sections, the sham group showed normal lung histology. In the sepsis group mononuclear cell infiltration, inflammation and thickening of the alveolar septum, increase in alveolar macrophage count, increased capillary permeability, hemorrhage, edema, and congestion were observed (Figure 11(a) ). In masson's trichrome stain increase in the collagen content of the parenchyma of the lung tissue sections in sepsis group was found (Figure 11(b) ). Besides, in M30 immunohistochemistry scoring, immunopositive epithelial cells were increased in sepsis group compared to sham and sepsis + dex groups (Figure 11(c) ).
Discussion
The present study demonstrated by biochemical and immunohistological examinations, that dexmedetomidine attenuates sepsis-induced lung and kidney injuries in the rat model of sepsis.
Because CLP model mimics many features of clinical peritonitis, we used this model for sepsis induction [20] . Seely et al. [21] observed that renal blood flow decreased 61% by 6 hours after CLP and continuously flowing renal cortical capillaries decreased significantly from 69% to 48% by 6 hours with a 66% decrease in renal blood cell velocity and 57% decline in volumetric flow. Also, Wang et al. [22] demonstrated that CLP caused an increase in renal capillary permeability at 2 hours and a decrease in renal capillary perfusion at 4 hours in murine sepsis. Messaris et al. [23] observed that apoptotic renal tubular cell death was increased significantly 6 hours after CLP and declined subsequently. Apoptosis is a rapid process, taking approximately 4-6 hours from initiation to the structural disassembly of apoptotic cell [24] . Aunapuu et al. [25] demonstrated that histologically changes in kidneys starts in 2 hours after Escherichia coli injection. Based on these data, we aimed to investigate the tissue injuries at 6 hours after sepsis induction, and we harvested animals and removed tissues at 6 hours after CLP in the present study.
Dexmedetomidine was used intraperitoneally at the dose of 25-100 g/kg in previous studies [26] [27] [28] . Also, we administrated dexmedetomidine at the dose of 50 g/kg intraperitoneally to rats in the present study.
Serum Creatinine and NGAL Levels.
In the present study, the serum creatinine level in sepsis group was significantly increased compared with the other groups. This result is consistent with the results of previous studies that also serum creatinine was measured at 6 hours after sepsis induction [29, 30] . Because of the hyperhrophy and hyperfiltration of noninjured nephrons and progressive increase of tubular creatinine secretion as kidney function deteriorates, the serum creatinine concentration could not increase until half of the kidney function is lost [31] [32] [33] . The serum creatinine is not an injury marker but rather a functional marker [34] .
Regarding these data, we may consider that half of renal function was lost in sepsis group in the present study. LPS injection increases the plasma epinephrine and norepinephrine levels [35] . Norepinephrine profoundly constricts the afferent glomerular arterioles thus decreases the glomerular filtration pressure [36] . Cumming et al. [37] observed that the plasma norepinephrine level correlated inversely with glomerular filtration rate in nonhypotensive sepsis. They concluded that sympathetic nervous system could be involved in the renal response to sepsis. Activation of central postsynaptic alpha-2 adrenoceptors leads to inhibition of norepinephrine release [38] . So, we could conclude that, in the present study, the decrease in serum creatinine level in sepsis + dex group compared to sepsis group may be related to decrease in norepinephrine relaese in sepsis + dex group. We did not measure the serum norepinephrine level that limits the present study. The effect of dexmedetomidine on norepinephrine release was studied in previous studies. It has been shown that, alpha adrenoceptor subtypes involved in the regulation of catecholamine release from the adrenal medulla [39] . Taoda et al. [40] showed that dexmedetomidine reduced the release of norepinephrine by presynaptic alpha-2 agonist. Billings et al. suggested that dexmedetomidine preserves outer medullary blood flow by reducing the regional vascular resistance in radiocontrast-induced nephropathy in mice [41] .
NGAL is a highly sensitive, specific, and predictive early biomarker for acute kidney injury [42, 43] . Bagshaw et al. [44] observed that septic acute kidney patients have higher plasma and urine NGAL levels compared with nonseptic acute kidney injury patients. However, Han et al. [45] observed that both serum and urinary NGAL levels increased in LPSinduced sepsis in rats. This result cosistent with our result. But, Han et al. [45] also found a correlation between urinary NGAL and NGAL mRNA in the injured kidney but not between plasma NGAL and NGAL mRNA. They concluded that urinary NGAL exactly reflects the change in renal NGAL expression, whereas plasma NGAL was not accurate in septic acute kidney injury. Also they concluded that plasma NGAL levels may be misleading in the diagnosis and monitoring of septic acute kidney injury. Paragas et al. [46] found that NGAL is present in the kidney, liver, spleen, lung, and trachea, which indicates that NGAL in the blood is not a good marker of septic acute kidney injury. Plasma NGAL is elevated in systemic response system, severe sepsis, and septic shock, and it should be used with caution as a marker of acute kidney injury in sepsis [47] . Regarding to these data, we may conclude that the elevation of serum NGAL level in the sepsis group compared to the other groups in the present study may be related to its release from all NGAL containing tissues (kidney, lung, spleen, liver, etc.) and not reflects only NGAL release from kidney. But, the increase in serum NGAL in sepsis group reflects the sepsis induced NGAL release from tissues in the present study. Serum NGAL measurement in our study limits the present study in terms of diagnosing septic acute kidney injury. We could not find any study that investigates the effects of dexmedetomidine on sepsis-induced acute kidney injury with NGAL analysis.
MDA Levels in the Kidney
Tissue. The peroxidation of polyunsaturated fatty acids and the subsequent production of thiobarbituric acid reactive substances (TBARS) have been shown as common pathogenetic mechanisms involved in septic inflammatory processes where MDA, an end-product of fatty acid peroxidation, reacts with thiobarbituric acid [48] . During intra-abdominal sepsis models, a significant increase in MDA levels has been observed in kidney tissues [49, 50] . The generation of MDA is believed to originate in the inflammatory cells [48, 51] . Significantly elevated kidney tissue MDA level observed in the control group in the present study supports the supposition that the lipid peroxidation process occurs during sepsis-induced kidney injury. A decrease in kidney tissue MDA level in the sepsis + dex group suggests that dexmedetomidine attenuates lipid peroxidation. Dexmedetomidine reduced the brain and testis MDA levels in ischemia-perfusion models in previous studies [52] [53] [54] [55] . However, we did not find any study that investigates the effects of dexmedetomidine on lipid peroxidation in sepsis.
Histomorphological Assessments of Lung and Kidney
Tissues. Previous studies investigated the lung and kidney injuries using the haematoxylin-eosin staining and light microscope [56] [57] [58] [59] . In these studies, significantly high histologic lung and kidney injury scores were observed in septic rats. Also, we found significantly increased histologic lung 8
The Scientific World Journal and kidney injury scores in the sepsis group compared with the other groups in the present study that consistent with the results of these previous studies. However, we did not find any studies that investigate the effects of dexmedetomidine on lung and kidney injuries by using haematoxylin-eosin staining and light microscope. In the present study, histologic lung and kidney injury scores in sepsis + dex group were significantly decreased compared to sepsis group. This results could be concluded as dexmedetomidine attenuates lung and kidney injury in sepsis.
Kidney Tissue Mononuclear Cell Infiltration and Pulmonary Alveolar Macrophage
Count. The mononuclear phagocyte system was involved in phagocytosis and participated many complex immunologic and inflammatory processes. Sepsis associates with increased production of cellular pro-and anti-inflammatory mediators by monocyte/ macrophages. Alveolar macrophages play an essential role in the regulation of the pro-and anti-inflammatory events during sepsis induced acute lung injury [60] [61] [62] [63] .
In the present study, we found significantly increased alveolar macrophage count in the sepsis group compared with the other groups. There are many studies that investigated the anti-inflammatory properties of dexmedetomidine. Taniguchi et al. [12] showed that dexmedetomidine decreased plasma cytokine (TNF, IL6) concentration and infiltration of neutrophils in the airspace or in vessel walls of the lungs in sepsis. Shi et al. [64] showed the anti-inflammatory effects of dexmedetomidine in lung tissue in LPS-induced sepsis rat model.
Dexmedetomidine modulates LPS induced TNF-production on macrophages [65] . TNF plays an important role in septic acute kidney failure development [66, 67] . TNF receptor deficient mice are resistant to sepsis-induced acute renal failure development and exhibit less tubular apoptosis and mononuclear cell infiltration [67] . Apoptotic cells and bodies are recognized by specific surface receptors of tissue macrophages and digested [5] . Based on these data, we could conclude that the increased mononuclear cell infiltration in kidney tissue and in alveolar macrophage count in sepsis group compared with the other groups in the present study may be involved in sepsis induced tissue inflammation and high apoptotic activity. In the present study we did not measure cytokine levels, which limit the study.
Apoptosis in the Lung and Kidney Tissues.
Apoptosis is a type of programmed cell death in which DNA disintegration and cell death occur as a result of activation of death-inducing receptors or intracellular specific serine proteases (caspases) [1, 7] .
The gold standard of the diagnosis of apoptosis is morphologic/ultrastructural evaluation [68] . The determination of apoptosis with hematoxylin/eosin staining and light microscopy is sensitive, specific, and cheapest way [68] . In hematoxylin/eosin stained sections apoptotic cells and bodies can be seen as dense nuclear fragments and a condensed eosinophilic (affinity for eosin, pink, and orange) cytoplasm [69] .
Caspase cleaved cytokeratin 18 (CK18) is an early marker of apoptosis. It can be recognized in epithelial cells using a monoclonal antibody (M30) directed against this neoepitope. CK18 is cleaved by several caspases (caspase-3, -6, -7, and -9) during apoptosis, and is dependent of single caspase activation [70, 71] . Since M30 neoepitope occurs in the early phase of the apoptotic cascade, it can be used in determination of induction or inhibition of apoptotic process [72, 73] . Based on these data, M30 antibody was used in the present study for the first time in order to evaluate the effects of dexmedetomidine on epithelial apoptosis in lung tissue during sepsis.
A significant increase in M30 positive cells has been shown in lung tissue in CLP-induced sepsis compared to sham group, previously described [48, 74] . In the present study, the significant increase in pulmonary M30 positive cells in sepsis and in sepsis + dex groups compared to sham group indicates the presence of epithelial cell-specific expression of apoptosis in sepsis. Also, the significant decrease in pulmonary M30-positive cells in dex + sepsis group compared to the sepsis group indicates that dexmedetomidine reduces epithelial apoptosis in lung tissue in sepsis.
In the intrinsic pathway, death ligand binding (Fas L, TNF-, ect.) results in the activation of initiator caspases (caspase-8 and -10). Initiator caspases subsequently activate the effector caspases (caspase-3, -6 and -7) [75] . Cytosolic caspase-3 activation is regulated by both TNF-receptor mediated exrtinsic and intrinsic apoptotic cascades [76] . Apoptosis in renal cells occurs through TNF-and Fas ligand-mediated pathways during sepsis [67, [77] [78] [79] [80] . It has been shown that TNF-receptor deficient mice are resistant to development of endotoxin-mediated acute renal failure and exhibit less tubular apoptosis and less mononuclear cell infiltration [67] . Messaris et al. [23] investigated the apoptotic death of renal tubular cells in rat CLP model of sepsis. They found that apoptotic renal tubular cell death increased significantly 6 hours after CLP and declined subsequently. They also observed that, cell initiating apoptosis were significantly more common, and caspase-8 protein immunodetection and Bax protein expression were increased at 6 hours after CLP. Additionally, in situ localization of cleaved caspase-3 has found some favor for histological labeling of cells in apoptosis [76] . Based on these data, we used caspase 3 immunohistochemical staining for determining the apoptosis in renal tissue.
The present study investigated the effects of dexmedetomidine on renal cell apoptosis in sepsis by immunohistochemical assessment of active caspase-3 expression, for the first time. Qiao et al. [81] investigated the effects of dexmedetomidine and midazolam on splenic caspase 3 expression in sepsis. They showed that dexmedetomidine decreased splenic caspase 3 expression in CLP model of sepsis. Sanders et al. [13] showed that dexmedetomidine inhibited isoflurane-induced caspase-3 expression in cerebral cortex in rats. Engelhard et al. [82] demonstrated that dexmedetomidine reduced proapoptotic proteins and increased antiapoptotic proteins in cerebral ischemia reperfusion model in rats. Dexmedetomidine upregulates AKT/protein kinase B, and extracellular regulated signaling The Scientific World Journal 9 kinase and Bcl-2 [82] [83] [84] [85] . In the present study, we found significantly increased caspase 3 positive staining proximal tubule epithelial cells in sepsis group compared to the other groups that indicate that CLP induced sepsis causes renal cell apoptosis and dexmedetomidine decreases it.
In conclusion, dexmedetomidine seems to be a favorable sedative agent because of its anti-inflammatory and antiapoptotic properties. In our opinion, there is still need for comparative studies in order to determine the effects of dexmedetomidine on organ functions in early human sepsis.
